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1
IMAGE SENSING METHOD AND SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present imnvention relates to an 1mage sensing method
and system, and more particularly, to an 1mage sensing
method and system for fingerprint 1mage sensing.

2. Description of the Prior Art

Fingerprint recognition technology 1s widely applied 1n a
variety of electronic products such as a mobile phone,
laptop, tablet, personal digital assistant (PDA), and portable
clectronics, for realizing identity recognition. The finger-
print sensing allows a user to perform identity recognition
conveniently, where the user only needs to put his/her finger
on a fingerprint sensing pad or area to login the electronic
device istead of entering long and tedious username and
password.

In recent years, the optical fingerprint recognition has
become one of the most popular fingerprint recognition
schemes. The optical fingerprint sensing pixels may be
spread over the entire screen, so that fingerprint image may
be sensed on any place of the screen during display time, to
realize m-display fingerprint sensing. After light exposure,
the light sensing elements included in the sensing pixels may
generate fingerprint sensing signals that retlect the exposure
light intensity. The information of fingerprint sensing signals
may be sent to the fingerprint sensing circuit through sensing,
lines, to be received and detected by the fingerprint sensing
circuit.

However, the fingerprint sensing circuit usually has a
limited operation range. If the received fingerprint sensing
signals are beyond the operation range, the fingerprint image
may not be correctly detected and determined. Note that the
fingerprint sensing signals of the optical fingerprint sensor
are highly influenced by ambient light and exposure time.
The conventional method usually controls the exposure time
to be adapted to the ambient light recerved by the light
sensing elements, but this method requires that the entire
fingerprint 1mage should be determined by a host and then
the exposure time may be adjusted to perform exposure
again. The 1terations of exposure and processing time of the
host are time consuming, which reduces the user experience
of fingerprint recognition. Thus, there 1s a need for improve-
ment over the prior art.

SUMMARY OF THE INVENTION

It 1s therefore an objective of the present invention to
provide a novel image sensing method and system, 1n order
to solve the abovementioned problem.

An embodiment of the present invention discloses a
method of sensing an 1mage from a panel for an 1mage
sensing circuit. The method comprises the steps of: trans-
mitting a {irst voltage or current to the panel; receiving a
plurality of sensing signals from the panel, wherein the
plurality of sensing signals correspond to the first voltage or
current; determining whether the plurality of sensing signals
conform to an operation range of the 1image sensing circuit;
and adjusting the first voltage or current when the plurality
of sensing signals are determined to be not conform to the
operation range of the image sensing circuit.

Another embodiment of the present invention discloses an
image sensing system. The image sensing system comprises

10

15

20

25

30

35

40

45

50

55

60

65

2

a panel and an 1mage sensing circuit. The panel comprises a
plurality of sensing pixels. The i1mage sensing circuit,
coupled to the panel, comprises a voltage or current source,
a recerver and a control circuit. The voltage or current source
1s configured to transmit a first voltage or current to the
panel. The receiver 1s configured to receive a plurality of
sensing signals from the panel, wherein the plurality of
sensing signals correspond to the first voltage or current. The
control circuit, coupled to the voltage or current source and
the receiver, 1s configured to determine whether the plurality
of sensing signals conform to an operation range of the
image sensing circuit, and adjust the first voltage or current
when the plurality of sensing signals are determined to be
not conform to the operation range of the image sensing
circuit.

Another embodiment of the present invention discloses an
image sensing circuit, which comprises a voltage or current
source, a recerver and a control circuit. The voltage or
current source 1s configured to transmit a first voltage or
current to a panel. The receiver 1s configured to receive a
plurality of sensing signals from the panel, wherein the
plurality of sensing signals correspond to the first voltage or
current. The control circuit, coupled to the voltage or current
source and the recerver, 1s configured to determine whether
the plurality of sensing signals conform to an operation
range of the image sensing circuit, and adjust the first
voltage or current when the plurality of sensing signals are
determined to be not conform to the operation range of the
image sensing circuit.

These and other objectives of the present mvention will
no doubt become obvious to those of ordinary skill 1n the art
alter reading the following detailed description of the pre-
ferred embodiment that 1s illustrated in the various figures
and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram of an 1image sensing system
according to an embodiment of the present imvention.

FIG. 2 1s a wavelorm diagram of the sensing voltage
during the exposure process.

FIGS. 3A and 3B are schematic diagrams of the voltage
mode sensing and the current mode sensing, respectively.

FIG. 4 1s a flowchart of a general 1mage sensing process.

FIG. 5 illustrates that the exposure time 1s too long such
that the host decreases the exposure time.

FIG. 6 1s a flowchart of an image sensing process accord-
ing to an embodiment of the present invention.

FIG. 7 1s a schematic diagram of a detailed implementa-
tion of the 1image sensing circuit.

FIG. 8 1s a schematic diagram of adjusting the common
voltage to let the sensing voltage to conform to the operation
range.

FIGS. 9 and 10 are schematic diagrams of adjusting the
bias current to let the sensing voltage to conform to the
operation range.

FIG. 11 1s a schematic diagram of adjusting the common
voltage to let the sensing current to conform to the operation
range.

FIG. 12 1s a schematic diagram of adjusting the bias
voltage to let the sensing current to conform to the operation
range.

DETAILED DESCRIPTION

Please refer to FIG. 1, which 1s a schematic diagram of an
image sensing system 10 according to an embodiment of the
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present invention. As shown in FIG. 1, the image sensing
system 10 includes an 1image sensing circuit 102 and a panel
104. The image sensing circuit 102 may be an integrated
circuit (IC) capable of receiving and processing image
sensing signals from the panel 104. The image sensing
circuit 102 may include a voltage generator 112 and a
receiver 114. The voltage generator 112, which may be a
voltage regulator, 1s configured to generate and output a
common voltage VCOM to the panel 104. The receiver 114
1s coupled to the panel 104 through a plurality of sensing
lines, for recerving the 1mage sensing signals such as voltage
or current signals from the panel 104. In an embodiment, the
panel 104 1s capable of performing fingerprint image sens-
ing, and the 1mage sensing signals received from the panel
104 may be fingerprint image signals.

In an embodiment, the 1mage sensing system 10 may
turther include a host (not 1llustrated) coupled to the image
sensing circuit 102. The host, which may be the core
processor of the system such as a central processing unit
(CPU), a microprocessor, a microcontroller umt (MCU) or
the like, 1s configured to receive information of the image
sensing signals from the panel 104, to perform follow-up
determination and recognition of the image sensing signals.
For example, when the image sensing signals are fingerprint
image signals, the host may perform fingerprint recognition
based on the information of peak and valley carried in the
fingerprint 1mage signals.

The panel 104 includes a plurality of sensing pixels
arranged as an array. If the panel 104 1s capable of 1n-display
fingerprint sensing function, the sensing pixels may be
spread over the entire screen, allowing the fingerprint image
to be sensed on any place of the screen. As shown 1n FIG.
1, each sensing pixel may include an 1image sensing element,
a reset switch RST, and a control transistor MFPS. The
image sensing element may be an optical fingerprint sensor
(FPS), which may be any type of light sensing element such
as a photodiode. The reset switch RST, which may be
implemented with a transistor, 1s configured to reset a
sensing voltage VEFPS of the image sensing element to a
reset voltage VRST. The control transistor MFPS may
convert the sensing voltage VFPS 1nto a voltage or current
signal to be recetved by the image sensing circuit 102
through the sensing lines.

Since the 1mage sensing system 10 of the present inven-
tion 1s an optical image sensor, the 1mage sensing signals
may be obtained from light exposure of the 1mage sensing
clement. As for fingerprint 1mage sensing, the panel 104,
such as a liquid crystal display (LCD) panel, may deliver
light from the backlight module. When a finger 1s put on a
specific area of the panel 104, the light reflected from the
finger may be received by the image sensing element, to
change the level of the sensing voltage VEFPS of the image
sensing element, which 1s the so-called “exposure”. The
light reflected from the finger may carry the information of
fingerprint peak and valley, so that the sensing signals 1n
different pixels may have a tiny difference with respect to the
peak or valley. The fingerprint image may thereby be
determined.

In detail, please refer to FIG. 2, which 1s a wavelorm
diagram of the sensing voltage VFPS during the exposure
process. First, the reset switch RST 1s conducted to pre-
charge the sensing voltage VEPS to the reset voltage VRST.
The exposure process then starts, where the 1image sensing
clement discharges the sensing voltage VFPS based on the
light intensity sensed by the image sensing element, so that
the sensing voltage VFPS may continuously decrease with a
speed corresponding to the sensed light intensity. With
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stronger light intensity sensed by the 1mage sensing element,
the sensing voltage VFPS may decrease to a lower level.
After the exposure period finishes, the level of the sensing
voltage VEFPS 1n each sensing pixel may be received by the
image sensing circuit 102, and thus the reflected light
intensity at the position of each sensing pixel may be
obtained. After the sensing signals of the sensing pixels 1n
the area of finger touch are obtained, the host may generate
an entire fingerprint image and then perform recognition.

There are two methods for the image sensing circuit 102
to obtain the information of the sensing voltage VFPS: the
voltage mode sensing and the current mode sensing. FIGS.
3A and 3B illustrate the voltage mode sensing and the
current mode sensing, respectively. As shown 1n FIG. 3A,
the 1image sensing circuit 102 may send a fixed bias current
Ibias to the sensing line, and thereby receive a sensing
voltage Vs from the source terminal of the control transistor
MEPS through the sensing line. In detail, the bias current
Ibias may be 1dentical to the drain-to-source current Ids of
the control transistor MFPS coupled to the sensing line.
According to the metal oxide semiconductor field-effect
transistor (MOSFET) equation as shown 1n FIG. 3A, with
the fixed bias current Ibias (while the parameters such as the
average carrier mobility pu,, gate oxide capacitance C__,
channel width-to-length ratio W/L, and threshold voltage Vt
are fixed parameters), the gate-to-source voltage Vgs of the
control transistor MFPS may be a fixed value; hence, the
sensing voltage VFPS at the gate terminal of the control
transistor MFPS and the sensing voltage Vs at the source
terminal of the control transistor MFPS may have a fixed
voltage difference. As shown i FIG. 3A, when the sensed
light 1intensity 1s weaker, the sensing voltage VFPS may be
higher (e.g., VFPS_1) after the end of exposure period, and
thus the sensing voltage Vs received by the image sensing
circuit 102 may also be higher (e.g., Vs_1); when the sensed
light intensity 1s stronger, the sensing voltage VEPS may be
lower (e.g., VFPS_2) after the end of exposure period, and
thus the sensing voltage Vs received by the image sensing
circuit 102 may also be lower (e.g., Vs_2).

FIG. 3B illustrates the current mode sensing. As shown 1n
FIG. 3B, the image sensing circuit 102 may send a fixed bias
voltage Vbias to the sensing line, and thereby receive a
sensing current Is from the source terminal of the control
transistor MEPS through the sensing line. In detail, the bias
voltage Vbias may be coupled to the source terminal of the
control transistor MFPS. According to the MOSFET equa-
tion as shown in FIG. 3B, with the fixed bias voltage Vhbias
(while the parameters such as the average carrier mobility
lL,, gate oxide capacitance C__, channel width-to-length ratio
W/L, and threshold voltage Vt are fixed parameters), the
sensing current Is may have a positive correlation to the
sensing voltage VFPS. As shown in FIG. 3B, when the
sensed light intensity 1s weaker, the sensing voltage VFP
may be higher (e.g., VFPS_1) after the end ol exposure
period, resulting in a higher gate-to-source voltage Vgs of
the control transistor MEFPS (e.g., Vgs_1), and thus the
sensing current Is received by the image sensing circuit 102
may also be higher (e.g., Is_1); when the sensed light
intensity 1s stronger, the sensing voltage VFPS may be lower
(e.g., VFPS_2) after the end of exposure period, resulting in
a lower gate-to-source voltage Vgs of the control transistor
MEPS (e.g., Vgs_2), and thus the sensing current Is received
by the 1mage sensing circuit 102 may also be lower (e.g.,
Is_2).

Please note that the voltage or current sensing signals (Vs
or Is) generated from the sensing pixels retlect the light
intensity sensed by the image sensing element. The sensed
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light mtensity 1s highly influenced by the ambient light,
causing that the voltage or current sensing signals may
become out of the operation range of the image sensing
circuit 102. Take the voltage mode sensing as an example.
As shown 1 FIG. 3A, the sensing voltages Vs_1 and Vs_2
are within the operation range of the 1image sensing circuit
102. If fingerprint sensing 1s performed 1n the outdoors, the
ambient light with high brightness may be sensed by the
image sensing element during the exposure period, such that
the sensing voltage VFPS may rapidly decrease and the
sensing voltage Vs may fall below the operation range of the
image sensing circuit 102. On the other hand, 1f fingerprint
sensing 1s performed 1n a dark room, the sensing voltage Vs
may be quite high to be above the operation range of the
image sensing circuit 102,

The operation range of the 1mage sensing circuit 102 may
be an mput voltage or current range recognizable or receiv-
able by the image sensing circuit 102. In an embodiment, the
receiver 114 may be implemented as an analog front-end
(AFE) circuit or included in an AFE circuit, and the opera-
tion range of the image sensing circuit 102 may be the input
range of the AFE circuit, such as the input voltage range or
input current range receivable by the AFE circuit. For
example, the AFE circuit may operate by receiving a power
supply Voltage (e.g; 5V) and a ground voltage (e.g., O0V), so
that the maximum possible input voltage range of the AFE
circuit may be between OV and 5V. If the image sensing
clement operates 1n the outdoors and bright ambient light 1s
sensed, the generated voltage or current signal may be
excessively low, to be lower than the input voltage range of
the AFE circuit (such as lower than 0V); hence, the AFE
circuit may not successiully process the received signal
and/or the light intensity reflected from the finger may not be
correctly determined.

In an embodiment, the 1mage sensing circuit 102 may
turther 1include an analog-to-digital converter (ADC)
coupled to the AFE circuit, to convert the analog signal
received from the AFE circuit into digital data. Therefore,
the operation range of the image sensmg circuit 102 may be
the input range of the ADC, which 1s the input voltage or
current recognizable by the ADC. For example, if strong
ambient light 1s sensed and the sensing voltage or current
signal from each sensing pixel 1s excessively low, the
voltage or current signal recerved by the ADC may be lower
than its 1nput range, causing that the output data of the ADC
will be the mimimum digital code for each sensing pixel. In
such a situation, the peak and valley information of finger-
print will not be correctly retlected 1n the output data of the
ADC.

In order to be adaptive to the large range of sensed light
intensity between indoor and outdoor applications, the AFE
circuit and the ADC may be designed to have a large input
range. This significantly increases the circuit cost and design
difficulty of the image sensing circuit 102. Thus, an 1image
sensing method with adjustment of exposure time 1s usually
applied to solve this problem. Please refer to FIG. 4, which
1s a flowchart of a general 1image sensing process 40 where
the exposure time may be adjusted. The i1mage sensing
process 40 includes the following steps:

Step 400: Start.

Step 402: The image sensing circuit 102 receives a
configuration of exposure time irom the host and configures
the exposure time accordingly.

Step 404: The image sensing circuit 102 resets a plurality
of sensing pixels of the panel 104.

Step 406: The plurality of sensing pixels perform expo-
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Step 408: The image sensing circuit 102 receives a
plurality of sensing signals from the plurality of sensing
pixels.

Step 410: The image sensing circuit 102 sends 1image data
corresponding to the plurality of sensing signals to the host.

Step 412: The host determines whether the exposure time
1s appropriate according to the image data. It yes, go to Step
414; otherwise, go to Step 402.

Step 414: The host performs fingerprint recognition
according to the image data.

Step 416: End.

According to the image sensing process 40, before the
exposure starts, the host may send a request of fingerprint
sensing to the image sensing circuit 102, or the image
sensing circuit 102 may detect a finger put on the panel 104
and then enable the fingerprint sensing function. Subse-
quently, the host may send related configuration of exposure
time to the 1image sensing circuit 102, and the image sensing
circuit 102 configures the exposure time accordingly. The
image sensing circuit 102 may reset the sensing pixels. In
the reset step, the voltage of the image sensing element such
as the sensing voltage VEPS is pre-charged to a default level.
Based on the in-display fingerprint sensing function, it 1s
preferable to only perform fingerprint 1image sensing using
the sensing pixels on which the finger 1s put, and the sensing
signals of these sensing pixels are generated atter exposure.
The 1mage sensing circuit 102 then receives the sensing
signals through the sensing lines connected between the
image sensing circuit 102 and these sensing pixels. The
sensing signals may be voltage or current signals obtained
through the voltage mode and current mode sensing methods
as mentioned above. After recerving the sensing signals, the
image sensing circuit 102 may generate corresponding
image data and send the image data to the host. The host may
be configured with an algorithm capable of recognizing the
image data to determine whether the exposure time 1is
appropriate and determine whether the image data match
with a previously stored fingerprint 1mage.

In general, the 1image sensing circuit 102 may not know
the ambient light intensity and may configure the exposure
time to a predetermined value. For example, the fingerprint
recognition may be performed together with display of the
panel 104 1n an integration system of fingerprint and display.
Therefore, a time division scheme 1s applied to perform the
fingerprint sensing operation and the display operation 1n
different time slots. In an embodiment, displaying an image
frame occupies 16 milliseconds (ims), and the 1mage sensing
circuit 102 may receive the fingerprint sensing signals every
2 frame of display time; hence, the predetermined exposure
time may be equal to 32 ms.

As mentioned above, 11 the ambient light 1s too strong and
sensed by the image sensing element in the sensing pixels,
the sensing voltage VFPS may fall to an excessively low
level such that the sensing voltage or current cannot be
successiully or correctly received by the image sensing
circuit 102, as shown 1n FIG. 5. Therefore, alter receiving
the image data from the 1mage sensing circuit 102, the host
may determine that the exposure time 1s too long, and thus
decrease the exposure time (e.g., decrease to 16 ms) and then
instruct the 1mage sensing circuit 102 to perform Steps 404
to 410 again. The tlow may proceed to the end 11 the host
determines that the exposure time 1s appropriate. For
example, with less exposure time, the sensing voltage VEPS
received by the image sensing circuit 102 may be 1n an
appropriate level after exposure, so that the corresponding
sensing signals can be successiully received by the image
sensing circuit 102, as shown 1n FIG. 5.
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According to the image sensing process 40, the exposure
flow should 1terate at least two times 1f the exposure time 1s
not appropriate, where a frame of 1mage sensing data 1s
obtained with inappropriate exposure time and should be
discarded. The multiple exposure time and the communica-
tion time between the image sensing circuit 102 and the host
degrade the speed of fingerprint sensing. In such a situation,
the user may easily feel that the fingerprint recognition
function 1s not smooth under a large variation of the ambient
light.

Theretfore, the present invention provides a novel image
sensing method to increase the speed of fingerprint sensing
and thereby improve the user experience. According to the
embodiments of the present invention, there 1s no need to
restart the exposure operation for the same sensing pixels.
The 1mage sensing circuit 102 may voluntarily determine
whether the received sensing signals are within 1ts normal
operation range, and thereby adjust a voltage or current
supplied to the panel from the image sensing circuit 102 to
modily the level of the sensing signals.

Please refer to FIG. 6, which 1s a flowchart of an 1image
sensing process 60 according to an embodiment of the
present mvention. The image sensing process 60 may be
implemented 1n an 1mage sensing system such as the image
sensing system 10 shown in FIG. 1. As shown 1n FIG. 6, the
image sensing process 60 includes the following steps:

Step 600: Start.

Step 602: The mmage sensing circuit 102 receives a
configuration of exposure time from the host and configures
the exposure time accordingly.

Step 604: The image sensing circuit 102 resets a plurality
of sensing pixels of the panel 104.

Step 606: The plurality of sensing pixels perform expo-
sure.

Step 608: The image sensing circuit 102 receives a
plurality of sensing signals from a row of sensing pixels by
transmitting a voltage or current to the row of sensing pixels.

Step 610: The mmage sensing circuit 102 determines
whether the plurality of sensing signals conform to an
operation range of the image sensing circuit 102. If yes, go
to Step 614; otherwise, go to Step 612.

Step 612: The mmage sensing circuit 102 adjusts the
voltage or current to be transmitted to the row of sensing
pixels. Then the process returns to Step 608.

Step 614: The image sensing circuit 102 receives a
plurality of sensing signals from other rows of sensing pixels
by transmitting the voltage or current after adjusted to the
other rows of sensing pixels.

Step 616: The image sensing circuit 102 sends image data
corresponding to the plurality of sensing signals to the host.

Step 618: The host performs {fingerprint recognition
according to the image data.

Step 620: End.

According to the 1image sensing process 60, Steps 600 to
606 are 1dentical to Steps 400 to 406 in the 1mage sensing,
process 40, and the related operations are detailed in the
above paragraphs. After the exposure period, the 1mage
sensing circuit 102 may transmit an output voltage or current
to a row of sensing pixels of the panel 104, and receive the
sensing signals from the row of sensing pixels. Therefore,
the received sensing signals may correspond to the trans-
mitted voltage or current.

Please return to refer to FIG. 1. The sensing pixels of the
panel 104 are arranged as an array. The image sensing circuit
102 is configured to receive the sensing signals through a
plurality of sensing lines, and each sensing line 1s coupled to
a column of sensing pixels. Therefore, during the image
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sensing process, the sensing signals may be sent to the image
sensing circuit 102 by turns, 1.e., the sensing signals for the
sensing pixels are outputted row by row. In detail, the 1** row
ol sensing pixels may be enabled, and the sensing signals of
the 1°° row of sensing pixels are outputted to the image
sensing circuit 102; then, the 2" row of sensing pixels may
be enabled, and the sensing signals of the 2”? row of sensing
pixels are outputted to the image sensing circuit 102; and so
on. When a finger 1s detected, there may be several rows and
several columns of sensing pixels are in the area touched by
the finger, and the sensing signals of these sensing pixels
may be generated and received by the image sensing circuit
102 row by row.

According to the 1mage sensing process 60, the image
sensing circuit 102 may receive the sensing signals from a
row of sensing pixels, and determine whether the sensing
signals corresponding to the row of sensing pixels conform
to 1ts operation range. The row of sensing pixels may be
those sensing pixels within the specific area touched by the
finger 1n a row. In another embodiment, a predetermined
number of rows of sensing pixels may be scanned, and the
sensing signals corresponding to the predetermined number
of rows of sensing pixels may be obtained and determined
whether to conform to the operation range or not. For
example, 1 order to obtain a more reliable determination
result, the image sensing circuit 102 may receive the sensing,
signals corresponding to 2 or 3 rows of sensing pixels and
then determine whether the levels of the sensing signals are
within the appropriate range. In such a situation, the deter-
mination of whether to adjust the output voltage or current
may be performed without scanning the entire target area for
the fingerprint sensing; mstead, only a part of rows less than
the entire number of rows of sensing pixels need to be
scanned and the corresponding sensing signals are applied to
determine their feasibility.

When determining that the sensing signals are excessively
high or excessively low and thus may not be successiully or
correctly received by the image sensing circuit 102, the
image sensing circuit 102 may adjust the output voltage or
current transmitted to the sensing pixels of the panel 104, to
let the sensing signals to return to the appropriate level, 1.e.,
within the operation range of the image sensing circuit 102.
In the image sensing system 10, the image sensing circuit
102 may transmit the common voltage VCOM to the com-
mon node ol the sensing pixels of the panel 104 (e.g.,
coupled to the image sensing element 1n each sensing pixel),
and also transmit a bias voltage Vbias or bias current Ibias
to the sensing line, to recerve the sensing current or voltage
from each sensing pixel through the sensing line, as shown
in FIGS. 3A and 3B. In order to modily the sensing signals
Vs or Is to be conform to the operation range of the image
sensing circuit 102, the common voltage VCOM and/or the
bias voltage Vbias or bias current Ibias may be adjusted.

Please refer to FIG. 7, which 1s a schematic diagram of a
detailed implementation of the image sensing circuit 102. As
shown 1n FIG. 7, the image sensing circuit 102 includes a
voltage or current source 702, a control circuit 706 and the
receiver 114. The voltage or current source 702 1s configured
to transmuit a voltage or current to the panel 104. In detail, the
voltage or current source 702 may include a voltage gen-
erator such as the voltage generator 112 shown 1n FIG. 1, for
transmitting the common voltage VCOM to the panel 104.
Alternatively or additionally, the voltage or current source
702 may be coupled to the sensing lines of the panel 104, for
transmitting the bias current Ibias or the bias voltage Vbias
to the sensing lines. The receiver 114 1s configured to receive
the 1mage sensing signals from the panel 104, where the
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image sensing signals may correspond to the bias current
Ibias or the bias voltage Vbias and correspond to the
common voltage VCOM. The recerved image sensing sig-
nals may be the sensing voltage Vs or the sensing current Is
as shown in FIGS. 3A and 3B. The control circuit 706, which
1s coupled to the voltage or current source 702 and the
receiver 114, 1s configured to determine whether the image
sensing signals conform to the operation range of the 1mage
sensing circuit 102. If the image sensing signals are deter-
mined to not conform to the operation range of the image
sensing circuit 102, the control circuit 706 may adjust the
voltage or current transmitted to the panel 104. This voltage
or current may include at least one of the common voltage
VCOM, the bias current Ibias and the bias voltage Vbaias.

In an embodiment, the common voltage VCOM transmit-
ted to the common node of the sensing pixels may be
adjusted. Please refer to FIG. 8, which 1s a schematic
diagram of adjusting the common voltage VCOM to let the
sensing voltage Vs to conform to the operation range. As
shown 1 FIG. 8, the ambient light intensity may be too
strong such that the sensing voltage VFPS falls to an
excessively low level; hence, the voltage Vs actually
received by the recerver 114 of the image sensing circuit 102
1s also 1n an excessively low level. After the exposure period,
the control circuit 706 may detect that the sensing voltage Vs
1s too low, and thereby increases the level of the common
voltage VCOM, which 1s coupled to one node of the image
sensing clement; hence, the sensing voltage VEFPS at the
other node of the image sensing element may also be pushed
to a higher level. Based on the MOSFET equation, the
sensing voltage VEFPS and the sensing voltage Vs may have
a lixed voltage difference, and thus the increasing sensing
voltage VFPS leads to increasing sensing voltage Vs. The
adjustment may be complete 11 the control circuit 706
detects that the sensing voltage Vs reaches its operation
range. As a result, the sensing voltage Vs may be success-
tully received by the image sensing circuit 102.

Different from the image sensing process 40, 1n the image
sensing process 60, no addition exposure procedure 1s
required, and the approprnate fingerprint sensing signal may
be obtained with one-time exposure, which reduces the time
consumption for fingerprint sensing and thereby improves
the user experience. Note that the exposure time usually
equals several tens or hundreds of milliseconds, while the
adjustment of output voltage or current transmitted to the
panel 104 may be complete 1n a time unit of microseconds.
In addition, the control circuit 706 of the image sensing
circuit 102 may determine whether the received voltage or
current signal 1s 1n the appropriate level, and adjust the
output voltage or current (such as the common voltage
VCOM or the bias voltage Vbias or bias current Ibias)
accordingly. The adjustment may be performed without
receiving an adjustment indication from the host. This
reduces the time and circuit resources required for the image
sensing circuit 102 to communicate with the host.

Please note that the adjustment of output voltage or
current 1s performed based on the determination result of
whether the sensing signals corresponding to a row of
sensing pixels (or a predetermined number of rows of
sensing pixels) are 1n the operation range. For example, 1f a
part of the sensing signals 1s lower than the operation range
of the 1mage sensing circuit 102, the control circuit 706 may
adjust the output voltage or current to increase the part of the
sensing signals to be within the operation range; or 1f a part
of the sensing signals 1s higher than the operation range of
the 1mage sensing circuit 102, the control circuit 706 may
adjust the output voltage or current to decrease the part of
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the sensing signals to be within the operation range. The
adjustment operation may be triggered if the part of the
sensing signals exceeds a specific ratio of the totally
received sensing signals in the predetermined number of
rows; that 1s, 1f more than a specific ratio of the recerved
sensing signals are not within the operation range, the output
voltage or current should be adjusted.

After the output voltage or current i1s adjusted to an
appropriate level, the image sensing circuit 102 may start to
sense other rows of sensing pixels. That 1s, the receirver 114
of the image sensing circuit 102 may receive the sensing
signals from other rows of sensing pixels by transmitting the
voltage or current after adjusted to the other rows of sensing
pixels. For example, 11 the control circuit 706 determines
that the receirved sensing signals corresponding to the first
row of sensing pixels are not 1n the appropriate operation
range by transmitting a {irst voltage or current value to the
first row of sensing pixels, the control circuit 102 may
determine to adjust the first voltage or current value. Sub-
sequently, after the first voltage or current value 1s adjusted
to a second voltage or current value that allows the sensing
signals to be conform to the operation range, the control
circuit 706 may determine that the second voltage or current
value 1s feasible, and thereby transmit the second voltage or
current value for receiving the sensing signals.

In the embodiment as shown in FIG. 6, after the prede-
termined number of rows are scanned and the corresponding
sensing signals are received and the output voltage or
current 1s adjusted from a first value to a second value, the
image sensing circuit 102 may restart to scan the 1°° row and
then go through each row of sensing pixels, 1n order to
obtain the whole fingerprint sensing signals by transmitting
the output voltage or current having the appropriate value
(1.., the second value). Note that the present invention 1s not
limited thereto. In another embodiment, after the output
voltage or current 1s adjusted from a first value to a second
value, the 1mage sensing circuit 102 may directly proceed to
scan other rows and receive the sensing signals correspond-
ing to the other rows by transmitting the output voltage or
current with the second value.

After the output voltage or current 1s adjusted to an
appropriate value, the 1mage sensing circuit 102 may obtain
the sensing signals 1n an appropriate level. The image data
corresponding to the sensing signals may be sent to the host,
allowing the host to perform fingerprint recognition.

Please note that the present invention aims at providing an
image sensing method and system which are capable of
receiving the image sensing signals by adjusting the com-
mon voltage or bias voltage or current outputted to the panel.
Those skilled 1n the art may make modifications and alter-
nations accordingly. For example, the image sensing method
of the present invention may be applied to any type of panel
such as a liquid crystal display (LCD) panel, an organic
light-emitting diode (OLED) panel, or the like. In fact, any
display panel integrated with the optical fingerprint sensing
function 1s able to apply the image sensing method provided
in the present invention. In addition, the pixel structure
shown 1n FIG. 1 1s only one of various embodiments of the
present invention. Those skilled 1n the art should understand
that the sensing pixels may be implemented with another
structure. Further, in the above embodiment as shown 1n
FIG. 8, the control circuit 706 adjusts the common voltage
of the sensing pixels to move the sensing signals to the
approprate level. In another embodiment, the control circuit
706 may adjust a bias voltage or current transmitted to the
sensing line to move the sensing signals to the appropriate
level. The fingerprint recognition may be performed to
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achieve fast unlocking, identity recognition, network pay-
ment, or any other possible functions, which should not be
a limitation of the scope of the present invention.

Please retfer to FIG. 9, which 1s a schematic diagram of
adjusting the bias current Ibias to let the sensing voltage Vs
to conform to the operation range. As shown in FIG. 9, the
image sensing circuit 102 may include a plurality of current
sources (which may be included in the voltage or current
source 702), each providing a bias current Ibias for a sensing
line coupled to a column of sensing pixels of the panel 104.
In this embodiment, the ambient light intensity may be too
strong such that the sensing voltage VFPS falls to an
excessively low level, hence, the voltage Vs actually
received by the receiver 114 of the image sensing circuit 102
1s also 1n an excessively low level. After the exposure period,
the control circuit 706 may detect that the sensing voltage Vs
1s too low, and thereby decreases the level of the bias current
Ibias. Based on the MOSFET equation, the bias current Ibias
may be 1n positive correlation to the gate-to-source voltage
Vgs of the control transistor MFPS. Therefore, the decreas-
ing bias current Ibias leads to the decreasing gate-to-source
voltage Vgs. With a fixed value of the sensing voltage VEPS,
the sensing voltage Vs at the source terminal of the control
transistor MFPS may increase. The adjustment may be
complete 11 the control circuit 706 detects that the sensing
voltage Vs reaches its operation range. As a result, the
sensing voltage Vs may be successtully received by the
image sensing circuit 102,

Please note that the bias current Ibias for each column of
sensing pixels should be adjusted to the same value simul-
taneously. The finally obtained fingerprint image should be
able to reflect the peak and valley information of the finger,
which 1s carried 1n a tiny difference between the sensing
signals obtained from adjacent sensing pixels. Therefore,
cach sensing pixel should possess the same voltage or
current parameter such as the bias current Ibias, allowing the
sensing signals to be generated correctly.

In another embodiment, the bias current Ibias may be
realized in another manner, as shown in FIG. 10. The image
sensing system shown 1n FIG. 10 1s diflerent from the 1mage
sensing system shown 1n FIG. 9 1n that, in the image sensing
system shown 1n FIG. 10, the bias current Ibias 1s imple-
mented 1n the panel 104 instead of the image sensing circuit
102. The 1mage sensing circuit 102 may further send a
control signal VCTRL to the panel 104, to control the level
of the bias current Ibias. The 1mage sensing method per-
formed 1n FIG. 10 15 a voltage mode sensing as similar to the
method performed 1 FIG. 9. The related operations are
illustrated in the above paragraphs, and will be omitted
herein.

As mentioned above, the current mode sensing method 1s
also applicable to deal with the situation where the sensed
light intensity generates mappropriate level of sensing cur-
rents after exposure. Please refer to FIG. 11, which 1s a
schematic diagram of adjusting the common voltage VCOM
to let the sensing current Is to conform to the operation
range. As shown 1n FIG. 11, the ambient light intensity may
be too strong such that the sensing voltage VEPS falls to an
excessively low level; hence, the current Vs actually
received by the recerver 114 of the image sensing circuit 102
1s also 1n an excessively low level. After the exposure period,
the control circuit 706 may detect that the sensing current Is
1s too low, and thereby increases the level of the common
voltage VCOM, which 1s coupled to one node of the image
sensing element; hence, the sensing voltage VFPS at the
other node of the image sensing element may also be pushed

to a higher level. Based on the MOSFET equation, the
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sensing voltage VFPS 1s 1n positive correlation to the
sensing current Is, and thus the increasing sensing voltage
VEPS leads to increasing sensing current Is. The adjustment
may be complete if the control circuit 706 detects that the
sensing current Is reaches its operation range. As a result, the
sensing current Is may be successiully received by the image
sensing circuit 102.

Please refer to FIG. 12, which 1s a schematic diagram of
adjusting the bias voltage Vbias to let the sensing current to
conform to the operation range. As shown i FIG. 12, the
voltage or current source 702 of the image sensing circuit
102 may output the bias voltage Vbias to the sensing line
coupled to each column of sensing pixels of the panel 104,
and the receiver 114 of the image sensing circuit 102 may
thereby receive the sensing current Is through the sensing
line. In this embodiment, the ambient light intensity may be
too strong such that the sensing voltage VFPS {falls to an
excessively low level; hence, the current Is actually received
by the recerver 114 of the image sensing circuit 102 1s also
in an excessively low level. After the exposure period, the
control circuit 706 may detect that the sensing current Is 1s
too low, and thereby decreases the level of the bias voltage
Vbias. Based on the MOSFET equation, the bias voltage
Vbias 1s coupled to the source terminal of the control
transistor MFPS. Therefore, the decreasing bias voltage
Vbias leads to the increasing gate-to-source voltage Vgs of
the control transistor MFPS. With a fixed value of the
sensing voltage VEPS, the sensing current Is may increase
with the falling bias voltage Vbias. The adjustment may be
complete 1f the control circuit 706 detects that the sensing
current Is reaches 1ts operation range. As a result, the sensing
current Is may be successtully received by the image sensing
circuit 102.

According to the image sensing method of the present
invention, the sensing signals may be adjusted to an appro-
priate level by adjusting an output voltage or current trans-
mitted to the sensing pixels of the panel; hence, additional
exposure period or repeated exposure may not be required.
Although this image sensing method may not be success-
tully performed under any exposure conditions such as
extremely high or low ambient light intensity, a larger range
of sensing signals may still be recognizable or adjustable by
the control circuit 706 of the 1image sensing circuit 102. The
embodiments of the present invention have the benefits of
increasing the speed of fingerprint sensing, so as to improve
the user experience of fingerprint recogmtion. Also, 1 the
sensing signals are successiully moved to an appropriate
level receivable by the image sensing circuit 102, no image
sensing signal or image data may be wasted. In addition,
with the 1image sensing method of the present invention, the
AFE circuit and/or the ADC included 1n the receiver 114 are
not required to have a larger operable range or input range;
this may reduce the circuit costs and design complexity of
the 1mage sensing circuit 102.

To sum up, the present invention provides an i1mage
sensing method allowing the image sensing circuit to obtain
the sensing signals with an appropriate level by transmitting
and adjusting a voltage or current outputted to the sensing
pixels of the panel. The sensing signals may be a voltage
signal or a current signal obtained using a voltage mode
sensing method or a current mode sensing method. After
exposure ol the sensing pixels, the 1mage sensing circuit
may determine whether the received sensing signals con-
form to 1ts operation range, such as the mput range of the
AFE circuit and/or the ADC. Subsequently, the image sens-
ing circuit may adjust the output voltage or current, in order
to move the sensing signals to the appropnate level adaptive
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to the operation range of the image sensing circuit. In an
embodiment, the common voltage transmitted to the com-
mon node of each sensing pixel may be adjusted. Alterna-
tively or additionally, the bias voltage or current transmitted
to the sensing line coupled to the sensing pixels may be
adjusted. Note that the output voltage or current to be
adjusted should not be limited herein. As long as the voltage
or current may be adjusted to let the sensing signals received
by the 1image sensing circuit to enter an appropriate range,
the adjustment may be feasible and should belong to the
scope of the present mnvention.

Those skilled 1n the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaiming the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended
claims.

What 1s claimed 1s:

1. An 1mage sensing system, comprising:

a panel, comprising a plurality of sensing pixels; and

an 1mage sensing circuit, coupled to the panel, the image

sensing circuit comprising:

a voltage or current source, configured to transmit a
first voltage or current to the panel;

a receiver, configured to receive a plurality of sensing
signals from the panel, wherein the plurality of
sensing signals correspond to the first voltage or
current; and

a control circuit, coupled to the voltage or current
source and the receiver, configured to determine
whether the plurality of sensing signals conform to
an operation range ol the image sensing circuit, and
adjust the first voltage or current when the plurality
of sensing signals are determined to be not conform
to the operation range of the 1image sensing circuit.

2. The 1mage sensing system of claim 1, wherein the
control circuit 1s configured to perform the following steps
to adjust the first voltage or current when the plurality of
sensing signals are determined to be not conform to the
operation range of the 1mage sensing circuit:

when a first part of the plurality of sensing signals 1s lower

than the operation range of the 1image sensing circuit,

adjusting the first voltage or current to increase the first
part of the plurality of sensing signals to be within the
operation range of the 1image sensing circuit; or
when a second part of the plurality of sensing signals 1s
higher than the operation range of the image sensing
circuit, adjusting the first voltage or current to decrease
the second part of the plurality of sensing signals to be
within the operation range of the image sensing circuit.

3. The image sensing system of claim 1, wherein the first
voltage or current 1s a bias voltage or current transmitted to
a sensing line of the panel.

4. The image sensing system of claim 1, wherein the first
voltage or current 1s a common voltage transmitted to a
common node of the plurality of sensing pixels of the panel.

5. The 1mage sensing system of claim 1, wherein the
plurality of sensing signals further correspond to light inten-
sity sensed by at least one of the plurality of sensing pixels
of the panel.

6. The 1mage sensing system of claam 1, wherein the
receiver comprises an analog front-end circuit and an ana-
log-to-digital converter, and the operation range of the
image sensing circuit comprises at least one of an 1nput
range of the analog front-end circuit and an 1nput range of
the analog-to-digital converter.
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7. The 1mage sensing system of claim 1, wherein the
plurality of sensing pixels comprises a plurality of rows of
sensing pixels, the image sensing circuit 1s configured to
sense the plurality of rows of sensing pixels to receive the
plurality of sensing signals corresponding to each row of the
plurality of rows of sensing pixels, and the control circuit 1s
configured to perform the following step to determine
whether the plurality of sensing signals conform to the
operation range of the image sensing circuit:

determining whether the plurality of sensing signals cor-

responding to a predetermined number of rows among
the plurality of rows of sensing pixels conform to the
operation range of the 1mage sensing circuit after the
plurality of sensing signals corresponding to the pre-
determined number of rows of sensing pixels are
received.

8. The 1image sensing system of claim 7, wherein the
control circuit 1s configured to perform the following step to
adjust the first voltage or current when the plurality of
sensing signals are determined to be not conform to the
operation range of the image sensing circuit:

adjusting the first voltage or current to a second voltage or

current when the plurality of sensing signals, which are
obtained by the voltage or current source transmitting
the first voltage or current and corresponding to the

predetermined number of rows of sensing pixels, are
determined to be not contform to the operation range of
the 1mage sensing circuit;

wherein the second voltage or current allows the plurality

of sensing signals to be conform to the operation range
of the 1mage sensing circuit.

9. The 1mage sensing system of claim 8, wherein the
image sensing circuit 1s further configured to perform the
following step:

recerving, by the receiver, the plurality of sensing signals

corresponding to at least one row other than the pre-
determined number of rows among the plurality of
rows ol sensing pixels when the voltage or current
source transmits the second voltage or current to the
panel.

10. The image sensing system of claim 8, wherein the
image sensing circuit 1s further configured to perform the
following step:

recerving, by the receiver, the plurality of sensing signals

corresponding to each of the plurality of rows of
sensing pixels when the voltage or current source
transmits the second voltage or current to the panel.

11. The 1mage sensing system of claim 7, wherein the
predetermined number 1s less than an entire number of rows
among the plurality of rows of sensing pixels.

12. The image sensing system of claim 1, further com-
prising a host coupled to the image sensing circuit, wherein
the control circuit 1s configured to adjust the first voltage or
current without receiving an adjustment indication from the
host.

13. An 1mage sensing circuit, comprising:

a voltage or current source, configured to transmit a first

voltage or current to a panel;

a receiver, configured to receirve a plurality of sensing

signals from the panel, wherein the plurality of sensing,

signals correspond to the first voltage or current;
a control circuit, coupled to the voltage or current source

and the receiver, configured to determine whether the

plurality of sensing signals conform to an operation
range of the image sensing circuit, and adjust the first

voltage or current when the plurality of sensing signals
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are determined to be not conform to the operation range
of the 1image sensing circuit.

14. The image sensing circuit of claim 13, wherein the
control circuit 1s configured to perform the following steps
to adjust the first voltage or current when the plurality of
sensing signals are determined to be not conform to the
operation range of the image sensing circuit:

when a {irst part of the plurality of sensing signals 1s lower

than the operation range of the 1mage sensing circuit,
adjusting the first voltage or current to increase the first
part of the plurality of sensing signals to be within the
operation range of the image sensing circuit; or

when a second part of the plurality of sensing signals 1s

higher than the operation range of the image sensing
circuit, adjusting the first voltage or current to decrease
the second part of the plurality of sensing signals to be
within the operation range of the image sensing circuit.

15. The image sensing circuit of claim 13, wherein the
first voltage or current is a bias voltage or current transmaitted
to a sensing line of the panel.

16. The image sensing circuit of claim 13, wherein the
first voltage or current 1s a common voltage transmitted to a
common node of a plurality of sensing pixels of the panel.

17. The image sensing circuit of claim 13, wherein the
plurality of sensing signals further correspond to light inten-
sity sensed by at least one of a plurality of sensing pixels of
the panel.

18. The image sensing circuit of claim 13, wherein the
receiver comprises an analog front-end circuit and an ana-
log-to-digital converter, and the operation range of the
image sensing circuit comprises at least one of an 1nput
range of the analog front-end circuit and an 1nput range of
the analog-to-digital converter.

19. The image sensing circuit of claim 13, wherein the
panel comprises a plurality of rows of sensing pixels, the
image sensing circuit 1s configured to sense the plurality of
rows ol sensing pixels to receive the plurality of sensing
signals corresponding to each row of the plurality of rows of
sensing pixels, and the control circuit 1s configured to
perform the following step to determine whether the plural-
ity of sensing signals conform to the operation range of the
Image sensing circuit:

determining whether the plurality of sensing signals cor-

responding to a predetermined number of rows among
the plurality of rows of sensing pixels conform to the
operation range of the 1image sensing circuit after the
plurality of sensing signals corresponding to the pre-
determined number of rows of sensing pixels are
received.

20. The image sensing circuit of claim 19, wherein the
control circuit 1s configured to perform the following step to
adjust the first voltage or current when the plurality of
sensing signals are determined to be not conform to the
operation range of the 1mage sensing circuit:

adjusting the first voltage or current to a second voltage or

current when the plurality of sensing signals, which are
obtained by the voltage or current source transmitting
the first voltage or current and corresponding to the
predetermined number of rows of sensing pixels, are
determined to be not conform to the operation range of
the 1mage sensing circuit;

wherein the second voltage or current allows the plurality

of sensing signals to be conform to the operation range
of the 1mage sensing circuit.

21. The image sensing circuit of claim 20, wherein the
image sensing circuit 1s further configured to perform the
following step:
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receiving, by the receiver, the plurality of sensing signals
corresponding to at least one row other than the pre-
determined number of rows among the plurality of
rows ol sensing pixels when the voltage or current
source transmits the second voltage or current to the
panel.

22. The image sensing circuit of claim 20, wherein the
image sensing circuit 1s further configured to perform the
following step:

recerving, by the receiver, the plurality of sensing signals

corresponding to each of the plurality of rows of
sensing pixels when the voltage or current source
transmits the second voltage or current to the panel.

23. The image sensing circuit of claim 19, wherein the
predetermined number 1s less than an entire number of rows
among the plurality of rows of sensing pixels.

24. The image sensing circuit of claim 13, wherein the
control circuit 1s configured to adjust the first voltage or
current without receiving an adjustment indication from a
host coupled to the 1image sensing circuit.

25. A method of sensing an 1mage from a panel for an
image sensing circuit, comprising:

transmitting a first voltage or current to the panel;

recerving a plurality of sensing signals from the panel,

wherein the plurality of sensing signals correspond to
the first voltage or current;

determiming whether the plurality of sensing signals con-

form to an operation range of the image sensing circuit;
and

adjusting the first voltage or current when the plurality of

sensing signals are determined to be not conform to the
operation range of the image sensing circuit.

26. The method of claim 25, wherein the step of adjusting
the first voltage or current when the plurality of sensing
signals are determined to be not conform to the operation
range of the 1mage sensing circuit comprises:

when a first part of the plurality of sensing signals 1s lower

than the operation range of the 1image sensing circuit,
adjusting the first voltage or current to increase the first
part of the plurality of sensing signals to be within the
operation range of the image sensing circuit; or
when a second part of the plurality of sensing signals 1s
higher than the operation range of the image sensing
circuit, adjusting the first voltage or current to decrease
the second part of the plurality of sensing signals to be
within the operation range of the 1mage sensing circuit.

277. The method of claim 235, wherein the first voltage or
current 1s a bias voltage or current transmitted to a sensing
line of the panel.

28. The method of claim 235, wherein the first voltage or
current 1s a common voltage transmitted to a common node
of a plurality of sensing pixels of the panel.

29. The method of claim 25, wherein the plurality of
sensing signals further correspond to light intensity sensed
by at least one of a plurality of sensing pixels of the panel.

30. The method of claim 25, wherein the operation range
of the 1mage sensing circuit comprises at least one of an
input range of an analog front-end circuit and an 1nput range
of an analog-to-digital converter of the 1image sensing cir-
cuit.

31. The method of claim 25, wherein the 1mage sensing,
circuit 1s configured to sense a plurality of rows of sensing
pixels of the panel to receive the plurality of sensing signals
corresponding to each row of the plurality of rows of sensing
pixels, and the method further comprises:

determining whether the plurality of sensing signals cor-

responding to a predetermined number of rows among
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the plurality of rows of sensing pixels conform to the
operation range of the image sensing circuit after the

plurality of sensing signals corresponding to the pre-

determined number of rows of sensing pixels are
received. d
32. The method of claim 31, wherein the step of adjusting
the first voltage or current when the plurality of sensing
signals are determined to be not conform to the operation
range of the 1mage sensing circuit comprises:
adjusting the first voltage or current to a second voltage or
current when the plurality of sensing signals, which are
obtained by transmitting the first voltage or current and
corresponding to the predetermined number of rows of
sensing pixels, are determined to be not conform to the
operation range of the image sensing circuit;
wherein the second voltage or current allows the plurality

of sensing signals to be conform to the operation range
of the 1mage sensing circuit.
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33. The method of claim 32, further comprising:

receiving the plurality of sensing signals corresponding to

at least one row other than the predetermined number
of rows among the plurality of rows of sensing pixels
by transmitting the second voltage or current to the
panel.

34. The method of claim 32, further comprising;

recerving the plurality of sensing signals corresponding to

cach of the plurality of rows of sensing pixels by
transmitting the second voltage or current to the panel.

35. The method of claim 31, wherein the predetermined
number 1s less than an entire number of rows among the
plurality of rows of sensing pixels.

36. The method of claim 25, wherein the first voltage or
current 1s adjusted by the 1image sensing circuit without an
adjustment 1ndication received from a host coupled to the
Image sensing circuit.
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